Objective: To evaluate the correction of the intermetatarsal angle after arthrodesis of the metatarsophalangeal joint of the hallux. We believe that varus deformity of the first metatarsal can be corrected after arthrodesis of the first metatarsophalangeal joint, without the need for proximal osteotomy. Methods: Forty-three feet of patients who had undergone arthrodesis of the first metatarsophalangeal joint between May 1997 and October 2009 were retrospectively analyzed by means of radiographs. The mean length of follow-up was 58 months. Measurements on the metatarsophalangeal angle, intermetatarsal angle and sesamoid dislocation were made using radiographs made before, immediately after and later on after the operation. The authors declare that there was no conflict of interest in conducting this work This article is available online in Portuguese and English at the websites: www.rbo.org.br and www.scielo.br/rbort angle was 37.6 degrees preoperatively, 12.8 degrees immediately after the operation and 16.4 degrees later on after the operation. The mean intermetatarsal angle was 16 degrees preoperatively, 10 degrees immediately after the operation and 10.2 degrees later on after the operation. Regarding sesamoid dislocation, preoperative radiographs showed most feet to be classified as G3; immediately after the operation, most were classified as G2; and later on after the operation, most were G1. Conclusion: The intermetatarsal angle and sesamoid dislocation improved with arthrodesis of the first metatarsophalangeal joint, without the need for osteotomy at the base of the first metatarsal.
INTRODUCTION
Hallux valgus is characterized by lateral deviation of the hallux, as measured on radiographic examinations by the metatarsophalangeal angle, and by medial deviation of the head of the metatarsal, as measured on radiographs by the intermetatarsal angle (1) (2) (3) . Surgical treatment is recommended for correcting the painful deformities. In cases in which the deformity is considered to be moderate or severe, a proximal approach to the first metatarsal is recommended, with the aim of correcting the varus deformity of this bone. Arthrodesis of the first metatarsophalangeal joint is a treatment option for patients with severe hallux valgus, recurrent hallux valgus and deformities secondary to inflammatory arthritis of the first metatarsophalangeal joint, such as in cases of rheumatoid arthritis (4) (5) (6) (7) (8) (9) (10) . Since arthrodesis does not directly address varus deformity of the first metatarsal, there are doubts in relation to patients with an increased intermetatarsal angle regarding whether the varus deformity can be corrected by means of arthrodesis of the first metatarsophalangeal joint alone, or whether osteotomy at the base of the first metatarsal is necessary (11, 12) . Many techniques for arthrodesis of the first metatarsophalangeal joint have been described in the literature, but few authors have investigated the change in intermetatarsal angle after arthrodesis (11, (13) (14) (15) (16) . Our hypothesis was that varus deformity of the first metatarsal becomes corrected through arthrodesis of the first metatarsophalangeal joint, without the need for proximal osteotomy. To prove this hypothesis, we studied a series of radiographs on patients who underwent arthrodesis on the first metatarsophalangeal joint of the hallux, comparing the angles of the hallux valgus, intermetatarsal angle and dislocation of the sesamoids, on preoperative, immediate postoperative and later postoperative radiographs. The objective of this study was to evaluate the radiographic correction of the intermetatarsal I-II angle following arthrodesis of the metatarsophalangeal joint of the hallux.
MATERIAL AND METHOD
We retrospectively analyzed 43 radiographs on the feet of 35 patients who underwent arthrodesis of the metatarsophalangeal joint of the hallux, between May 1997 and October 2009, performed by the Foot and Ankle Group of Santa Casa de Misericórdia de São Paulo. Patients with a previous history of surgery on the forefoot or who evolved with pseudarthrosis were excluded from this study. The patients' mean aged at the time of the surgery was 65 years (ranging from 22 to 86 years). There were seven male patients (20%) and 28 females (80%). Twenty--seven patients (74.3%) had rheumatoid arthritis and nine (25.7%) presented severe degeneration of the metatarsophalangeal joint of the hallux. The mean length of follow-up was 58 months (ranging from 12 to 125 months). Arthrodesis was performed by using a dorsal access route. The fixation was done using a dorsal plate and screws in 31 feet (72%) of 26 patients (20 of these patients had a diagnosis of rheumatoid arthritis) or two Kirschner wires, in 12 feet (28%) of nine patients (six of them with rheumatoid arthritis).
To evaluate the angular correction of the deformities, we measured the angle between the first and second metatarsals (intermetatarsal angle), the angle between the first metatarsal and the proximal phalange of the hallux (metatarsophalangeal or hallux valgus angle) and the position of the sesamoids (dislocation of the sesamoids) in relation to the head of the first metatarsal. We used radiography in dorsoplantar view, with weight-bearing, produced before the operation, during the immediate postoperative period (without weight-bearing, in the surgical theater) and at a later time after the operation (at the final outpatient consultation). The intermetatar-sal angle, metatarsophalangeal angle (hallux valgus angle) and dislocation of the sesamoids were measured, by two of the authors, independently. The values used in this study were the averages from the two measurements thus obtained. We used the criteria recommended by the American Orthopaedic Foot & Ankle Society for measuring the angles (17) . The reference points for the first and second metatarsals were placed one to two centimeters from the proximal and distal joint surfaces, at the center of the diaphysis. For the proximal phalange, they were placed 0.5 to 1.0 centimeters from the proximal and distal joint surfaces ( Figure 1 ). Dislocation of the sesamoids was assessed in terms of the position of the tibial sesamoid in relation to the mechanical axis of the first metatarsal (Figure 2) , and was classified into four types: grade 0 -the tibial sesamoid was located medially to the mechanical axis that occupied the space between the two ossicles; grade 1 -the tibial sesamoid was cut by the axis used, but in a proportion less than 50% of its width; grade 2 -the tibial sesamoid was cut by the axis used and more than 50% of its total mass was lateralized; and grade 3 -when complete lateral dislocation of the glenosesamoid apparatus occurred (18) . For the statistical analysis, all the variables were firstly analyzed descriptively. For the quantitative variables, this analysis was done by means of observing minimum and maximum values and calculating means, standard deviations and medians. For the qualitative variables, absolute and relative frequencies were calculated. To compare the preoperative, immediate postoperative and late postoperative times, the Friedman nonparametric test was used, since the assumption of normal distribution of the data was rejected. The software used was SPSS 15.0 for Windows. The significance level used for the tests was 5% (19) . Table 1 shows that there was a mean reduction in the hallux valgus angle of 24.8 degree, comparing the preoperative and immediate postoperative angles (p < 0.05), and a reduction of 21.2 degrees, comparing the preoperative and late postoperative angles (p < 0.05). There was an increase in the angle of 3.6 degrees, comparing the immediate and late postoperative angles (p > 0.05). Table 2 shows that the greatest number of feet was classified as G3 on preoperative radiographs, while the greatest number of feet was classified as G2 on immediate postoperative radiographs and as G1 on late postoperative radiographs. 
RESULTS
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Figure 2 -Severity of dislocation of the sesamoids.
G0 -the tibial sesamoid was located medially to the mechanical axis that occupied the space between the two ossicles; G1 -the tibial sesamoid was cut by the axis used, but in a proportion less than 50% of its width; G2 -the tibial sesamoid was cut by the axis used and more than 50% of its total mass was lateralized; and G3 -when complete lateral dislocation of the glenosesamoid apparatus occurred.
Rev Bras Ortop. 2012;47(3):363-67 G0 -grade 0; G1 -grade 1; G2 -grade 2; G3 -grade 3; PRE -number of feet before operation; IPO -number of feet immediately after the operations; POT -number of feet later on after the operation.
EVALUATION OF THE INTERMETATARSAL ANGLE AFTER THE ARTHRODESIS OF THE FIRST METATARSOPHALANGEAL JOINT FOR TREATMENT OF THE HALLUX VALGUS
DISCUSSION
Arthrodesis of the first metatarsophalangeal joint is considered to be the gold-standard technique for treating patients with severe hallux valgus, recurrent hallux valgus and deformities secondary to inflammatory arthritis of the hallux (4) (5) (6) (7) (8) (9) (10) 20, 21) . In a prospective study, Brodsky et al (6) showed that arthrodesis of this joint improved the stability and propulsive force during gait, for feet with severe joint degeneration. Many techniques for performing arthrodesis of the first metatarsophalangeal joint have been described, with consolidation rates ranging from 80 to 100% (5) (6) (7) (8) (9) (10) . Biomechanical studies using different types of fixation have shown that the most stable fixation method is one that combines a traction screw and a dorsal plate (22, 23) . In evaluating the intermetatarsal angle, we found that the mean was 10 degrees on immediate postoperative radiographs and 10.2 degrees on late postoperative radiographs. These data show that the varus deformity of the first metatarsal can be corrected by means of arthrodesis on the first metatarsophalangeal joint in patients with hallux valgus, without the need for osteotomy at the base of the first metatarsal. We found that there was a mean correction of 6.0 degrees, comparing the preoperative and immediate postoperative radiographs, and 5.8 degrees, comparing the preoperative and late postoperative radiographs. Our data corroborate the findings of other authors, in which the mean corrections were 5.7 (13) , 4 (14) , 4.4 (15) , 4.4 (12) and 8.2 (11) . It is believed that the alignment of the first radius restores the anatomical relationships and function of the intrinsic and extrinsic musculature and plantar aponeurosis. This leads to diminished mobility of the metatarsocuneiform joint, thus achieving correction of the intermetatarsal angle following arthrodesis of the first metatarsophalangeal joint (24) . In our study, we observed a small difference of 0.2 degrees (p > 0.05) in the mean intermetatarsal angle, comparing the immediate postoperative radiograph (obtained without weight-bearing) and the late postoperative radiograph (obtained with weight-bearing. Considering that there was no statistically significant difference between the measurements of this angle on the two radiographs, we believe that the angle measured on an immediate postoperative radiograph without weight-bearing will be similar to the angle measured on a late postoperative radiograph, produced with weight-bearing. Based on these results, we can affirm that the final radiographic correction of this angle can be safely determined during the operation, with a radiograph produced without weight-bearing. We believe that the difference of 0.2 degrees that we found could have occurred due to manual measurement of these angles.
The mean hallux valgus angle in the immediate postoperative period was 12.8 degrees, which is considered normal (25) , representing a mean reduction of 24.8 degrees (p < 0.05), comparing the preoperative and immediate postoperative radiographs. We also observed that there was a loss of 3.6 degrees (p > 0.05), comparing the immediate and late postoperative radiographs. Although the immediate postoperative radiograph was produced without weight--bearing while the late postoperative radiograph was produced with weight-bearing, we do not believe that this could have been the cause of the angular difference observed between them. In our view, this loss (without statistical significance: p > 0.05) occurred because of the fixation with Kirschner wires that was used on some feet, a method that provides less stability (22, 23) . Kirschner wires were chosen based on the bone quality observed by the surgeon during the operation. In some of the cases that we studied, the patients presented rheumatoid arthritis and were using corticoids, which is known to lead to osteoporosis, thus making fixation with a plate and screws difficult (4, 20, 21) . Because of these results, we recommend that fixation of arthrodesis should be done using a plate and screws, whenever possible, so as to obtain better stability.
Few authors have yet compared dislocation of the sesamoids after arthrodesis of the metatarsophalangeal joint of the hallux (11) . In our sample, we observed improvement of the dislocation of the sesamoids, and this was proven by the increase in the number of feet classified as mild cases (G0 and G1) and a decrease in the number of feet classified as moderate to severe cases (G2 and G3), comparing the preoperative, immediate postoperative and late postoperative radiographs on these patients. We believe that restoration of soft-tissue balance, in association with alignment of the first radius following arthrodesis of the first metatarsophalangeal joint, is responsible for the observed improvement in dislocation of the sesamoids in our study.
CONCLUSION
Based on this study, we observed that the intermetatarsal angle and the dislocation of the sesamoids improved through arthrodesis of the first metatarsophalangeal joint, without the need for osteotomy at the base of the first metatarsal to correct the intermetatarsal angle.
The radiographs produced during the immediate postoperative period without weight-bearing in our study were useful for assessing the final intermetatarsal angle, and these were as trustworthy as the radiographs produced with weight-bearing in the late postoperative period.
